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SYNOPSIS 

In this paper an attempt is made to ascertain with what degree 
of sccuracy records of the total radiation, or heat energy, received 
on a horizontal surface directly from the sun and diffusely from the 
sky, may be used to determine the intensity of daylight illuminrt- 
tion on a horizontal surface. The utility of this investigation is 
obvious, since continuoue records of the total radiation received 
on a horizontal surface are now obtained by the Weather Bureau 
at some of ite more important stations, and electric-lighting coni- 
panies are employing methods involving heat energy measurements 
in determinations of the variability of daylight. 

Fkom Abbot ’s normal solar energy curve, and atmospheric trans- 
mission.coefficients for different wave lengths of light also due t o  
Abbot, the ordinates have been computed for solar energy curve# 
in atmospheres of different degrees of transparency, and with the 
sun at different zenith distances. 

The ordinates of energy curves for a Planckian distribution a t  
temperatures corresponding to color-temperatures of skylight 
measured by Priest and others have also been computed, and com- 
bined with the ordinates of the solar energy curve to determine 
the energy distribution in the total radiation received on a hori- 
zontal surface. The results indicate that midday radiation is 
richer in luminous rags than the radiation that is received when 
the sun is near the horizon. 

Comparisons between photometric measurements of daylight and 
pyrheliometric measurements of the total radiation lead to the 
same result. They indicate, however, that if the radiation intensity 
on a horizontal surface, expressed in gram-calories per minute per 
cm.,’ is multiplied by 6,700, the result will give the illumination 
intensity on a horizontal eurface in foot-candles within f 5 per 
cent, giving values which near noon are too low and which are too 
high when the sun is near the horizon. 

INTRODUCTION 

In  coo eration with the Illuminating Engineering 

extensive stud of the intensity of direct sunhght, diffuse 

and upon vertical and sloping surfaces differently oriented 
with respect to the sun? 

Recently the Illuminating Engineering Society has 
asked that methods of dayli h t  recording be considered. 

subject . 

Society o P America, the Weather Bureau has niade an 

skylight, and t i e  T total daylght, upon horizontd surfaces, 

The present paper is offere 3 as a contribution to this 

RECORDS OF SOLAB RADIATION INTENSITY 

Several instruments are now available for obtaining con- 
tinuous records of solar radiation intensity. One of the 
best known is the CaUendar differential p-yrheliometer, in 
the form of black and bright resistance grids, which when 
shaded have equul reaistances, but when ex osed to sun- 
l@ht show a temperature difference and? a resulting 
dderence in resistance. This difference in resistance 

1 Bead belore aectlon A (casmiaal physic8 subsection) British Association for tho 
Adv8noement of S d e w  Tomnta August 11 1 W  and &fore the Annual Convention 
of the m d M t i I W  Euglkln# sdctety of A n k h ’  Briarcllfl Manor N.  Y., on October 
III IW. Slight revisIous have been made In the t&t a8 here prlnted 

KlmbaU Herbert H and Hmd Irving F Sky Brishtnesr and Daylight Illurninn- 
tlon Meaa&mentCl. Mo. WEATE~B REV., S:ptember. 1921,49:481488, Trans. Illumi- 

m~$%IUu&natlon on horhntal, vekical, and sloping aurfncss. Mo. WEATHER 
REV., Decamber, lDll SOodlW Trans.IlluminStl Ex. SF., May, 1923,18:4X+74. 

KLmbsll. H d m t  €f The determination of day& intensity at a window opening. m. U h t h g  E%=. SW., March, 19%. 10:217434. 

8Oc Od. 1% 1921, 16:255-!283 
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between the two grids is continuously recorded on a 
chert by nieans of a self-adjusting Wheatstone bri 
The excess in the resistance of the black grids over 8:; 
of the bright grids is nearly proportional to ‘the intensity 
of the radiation to which the grids are e-uposed. 

Recently thermopiles have been extensively used for 
recordin solar radiation intensities. The hgstrijm, * 
the Mofi,4 and the Weather Bureaus thermoelectric 
recording pyrheliometers are examples of instruments of 
this type. The electromotive force generated by the 
thermopiles, when so exposed that one junction is heated 
and the other remains st about the tem erature of its 

temperature difference may be obtained by blackeniqg 
the receivin surface to which one set of junctions IS 
attached nnf painting the other white, as in the Weather 
Bureau instrument, or by painting both sets of unctions 

away the heat received by rac%ation, and leaving the 
other free. 

Thermopiles thus prepared are e ually sensitive to 

spectrum. This is not true of the sensitivity of the 
human eye to sunlight, as is shown by the curved lines 
of Figure 1. 

In this figure, I is a reproduction of Abbot’s nomil 
solar energy curve for zero atmos here.s From this 
curve I have computed Curves If: 111, IV, and V, 
showing the solar energy distribut-ion with avera e at- 
mospheric tmnsmissim for Washington, D. C., ’ an with 
solar zenith distances 25O, 60°, 70.701 and 78.7O, which 
latter correspond to air masses 1.1, 2.0, 3.0, and 5.0, 
rcs>ectivel . 

burve 6 gives the Illuminatin Engineering Society 

once that the Iuasbnuni of Curve VI falls, with respect 
to the wave lenath of light, between the maxima of 
Curves I1 and Iif. That is to say, the wave len th of 
li ht  to which the eye; is most sensitive is the wave f ength 

ton, with average atmospheric transmission , when the 
sun is at  about zenith distance, 4So, or approximately 
at  noon on March 1 and October, 15. Since, however, 
the atmospheric transmission in the Northern Hemis- 
phere is greater in winter than in summer, and greater 
in high latitudes than in low latitudes, we may say, in 
general, that the wave length of li h t  to which the eye 

environment, is near1 proportional to t K e intensity of 
the radiation to whic T they are esposed. The desired 

black, attaching one set to heav posts that wil i conduct 

practically all wave lengths of light f ound in the solar 

curve of relative visibility of ra d iation.8 We note at 

o f the maximum of the solar energy curve for Washing- 

is nost  sensitive is the wave lengt i i of the masimum of 
- ____-_ 

I hgstrom. A.. nnd Darno. c3.. Registratlon of the intensity of sunshine and dliIuse 

4 Qorczy&i, L+4ass, On 2 simp$ m&od of recording the totJ and partial inten- 
sltias of solar radiation Mo. W’EATHEE REV June 1924 P:ZQQ-301. 

1 Kimball Herbert H and Uobhs H d n  E., ’A ne; farm of recording thermo- 
electric pyrbcllometrr. ‘bIo. WFATH~B REV., May. 1923, 51:239-342; Jour. Opt. Soc. 
Amer. B Rcv. 8cl. Inst& September. 1923.19:707-718. 

1 Abbot, C. Q., Powle. F. E., n d  Aldrlch. L. R.. The distribution of energy In the 
spectra of the sun and stars. Smithsodan Mise. Coll POI. 74 No. 7, flg. 1. 

7 Annals of the Astro hysicst Olxrervatory of the S&hsoni;n Institutlon 3.135. 
I Illuminating Eng. hPomenclaturaand photometric standards. Trans. I![: Eng. Soc., 

December, 1918, vol. 1’3, p. 512. 

sky radiation MO. WEATElCIt 1CEV 1921 49136. 
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the solar energy curve at noon in the North Temperate 
Zone. 
In this connection it is of interest to note that the 

absolute monthly maxima of solar-radiation intensity 
measured at Washington, D. C., have varied between 
1.43 am-calones per minute er cm? in January, June, 
and %gust, and 1.51 in A p J  and October, or 5.3 per 
cent. educed to mean solar distance, the range of 
these maxima is from 1.39 gr.-cal. in January to 1.52 in 
July, or 8.6 per cent. 

THE COLOR TEMPERATURE OF DAYLIGHT 

The curves of Figure 1 clear1 indicate that on a given 
day, with increase in the zenitz distance of the sun, the 

the Weather Bureau at the American University, only 
about a mile from the Bureau of Standards. The mten- 
sities at  air masses 3.0, 2.5, 2.0, and 1.5 were 0.82, 0.91, 
1.04, and 1.15, res ectively, which are low values for 
these air masses in Sebruary, but not far from the aver- 
age for the year. Haze was recorded at the time the 
radiation intensity was measured, and fracto-cumului3 
clouds commenced to form before noon. The atmos- 
pheric transmission coeflicient was about 0.78, but varied 
markedly from time to time. 

The logarithms of color temperatures in Fi ure 2 

case with the logarithms of ra fl iation intensities. The 
tangents to the curve between air masses 2 and 3, 3 and 
4, and 4 and 5, are 0.898, 0.905, and 0.910, respectively. 

follow closely a line concave u ward, as is usu a5 y the 

Wave Lennih (rn& 
FIG. 1.-Ener distributlon cnrves: 

Curve 
Curve 11. &Inr energy eurve. Solar z d t h  distance-25° (m-1.1). 
Curve 111. Solar energy rurve. S o h  zenlth distance=6OD (m-2.0). 

!? Normal solar energy curve outside the atmosphere (m-0). 

Curve IV. Solar eoeriy curvc. Solar ren1t.h distance-70.7 fm--3.0). 
Curve V. Solar energy curve. Solar zenith distance=78.i0 (m-5.0). 
Curve VI. Relative vislhllity of rodintion. 
Curve VI1. Sky llght energy curve, Mount Wilson, Calif. 

maximum of the solar energy curve will fall at increas- 
ingly lon er wave lengths of light, or more and more 

ured this variation in t e r m  of color temperature, which 
he defines as follows: lo 

The color temperature of a source is the temperature at which 
a Planckian radiator would emit radiant energy competent to 
evoke a color of the same quality as that evoked by the radiant 
energy from the source in question. 
In Figure 2, I have lotted against air mass the loga- 

light obtained at  the Bureau of tandards on February 
20, 1920, and have drawn free hand the curve of best fit 
to his a. m. and p. m. observations. 

During the morning of this day pyrheliometric meas- 
urements of the solar radiation mtensity were made by 

towards t % e red end of the spectrum. Priest has meas- 

!!3 
rithms of his measure 2 color tem eratures of direct sun- 

*Priest Irwlu l3 A new studv of the Leucoseope and Its a pliation to pyrometry 
VI. Erphmenta dh Loucoscopic determination of the quafity of sunllght and f t i  
diurnal vaihtion Jour 0 tical 8oc of Amer e4KI-484. 

10 Priest Irwin'l3.. Tie 8olorlmet& and Photometry of Dayllght and Inncandescent 
nluminanis. Jour. Opt. Soc. Amer. 8 Rev. ScI. Inst. 7, p. 1180, December, 1923. 

The change in color temperature wjth ai: mass-is there- 
fore much slower than the change in radiation intensity. 

The variation in color temperature is from 1700' K 
15 minutes after sunrise, to 5400' K at midday. Extra- 
polation to zero air mass gives 6500' IC. Measure- 
ments for June 26, 1922,l' also plotted in Figure 2, vary 
between 5300' K 25 minutes after solar noon, and 4510' 
R at 4:46 p. m., with increasing haziness during the 
afternoon. The above indicated decrease in the color 
temperature of direct sunlight yith increase in the solar 
zenith distance shows that we can not ex ect a constant 

direct sunlight. In fact, it has already been shown la 
that the illumination e uivalent of 1 gr. cal./min./cm,3 

distance Z O O ,  and 6,320 foot-candles with solar zenith 
distance 79.S'. 

ratio between radiation intensities and t B. e intensity of 

varies between 7,040 7 oot-candles with solar zenith 

11 Jour 0 t. Soc Amer. and Review of Scientific InStnmIeUtS 1823 7: 78 
Is ICImbalf Herbert H. and Hand, Irving F., Dayligbt I I l U d i t i h  On HdZOllkd. 

VertIc8l. and Slopmg Surfaces. MO. WEATBE8 REV., 182'2, S& m!& Table (1. 
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THE QUALITY OF DAYLIQHT 

We am interested not so much in the color tem era- 

total daylight, whi& is made up artly of dlrect sunlight 
and partly of diffuse light from t l e  sk . Table 1 shows 
the ratio of direct solar radiation to di use sky radiation 
as measured on a horizontally exposed surface at various 
places and by d8erent observers. At Washington, D. C., 
the measurements were made with the thermoelectric 
pyrheliometer; at Madison, Wis., and Lincoln, Nebr., with 
the Callendar recording pyrheliometer.’s The measure- 
ments at Flint Island, and Mount Wilson and Mount 
Whitney, Calif., were made b the Smithsonian Insti- 
tution with the b ~ l o m e t e r . ~ ~  $hose a t  Hump Mountain 
N. C., were made by the Smithsonian Institution1s wit& 
the pyranometer, and do not seem to be in accord with 
the other measurements, since they show too little sky 
radiation. 

It will be seen that the ratios of Table 1 increase with 
height above sea level, and decrease as the solar zenith 
distance increases. With the sun within a few degrees 
of the horizon more radiation may be received on a 
horizontal surface diffusely from the sky than directly 
from the sun. The Washington ratios show a marked 
seasonal variation, having a maximum in winter and a 
minimum in summer. 

ture of direct sunli ht, however, as in the quality o P the 

TABLZ 1.-Ratio of direct solar radidion TeGehd on a horizontal 
surface to diffuse sky radiation 

Solar zenith distance 

Abbot has determined the ene y curve for skyli ht on 

Figure 1. It shows the excess of radiation of short wave 
length in m u s e  radiation from the sky as compared with 
direct solar radiation. 

Priest l7 and some others have also measured the color 
tem erature of skylight, and have found it to vary when 
no Jouds are present from about 6000’ K to 24000’ H. 
With thin clouds the color temperature sometimes 
dropped below 7000’ K and with a uniformly overcast 
sk to 6300O K. 

L o w i n g  the color temperature of radiation, we may 
reproduce approximately ite spectrum ener 
knowin the ratio between the intensity o d m c t  solar 
and d w e  sky radiation we may express the energy of 
both for different wave lengths in the same unita. 

Abbot’s energy curve for sky light at Mount Wilson 

Mount Wilson,’6 and it is repro 3 uced aa Curve +I1 of 

Y and 

approximates the Planckian e n e v  distribution for a 
tem erature of slightly over 50000 K. This seems high, 

Washington on the morning of November 30 an Yht near at 
b u t k i e s t  obtained a color temperature for sky 

noon December 28, 1921, of 24150’ K. It is well 1- inown 
that the average sky at Mount Wilson is much bluer than 
is even the clearest sky a t  Washington. On November 
30, 1921, the solar radiation intensity a t  Washington 
with the sun 11.3’ above the horizon, cokes onding to air 

this air mass for 4 ovember of 0.76. On December 28, 
1921, at noon, solar radiation intensities were nearly 6 
er cent above the normal for this hour in December. 

&he polarization of sky light was 65 per cent as compared 
with an avera e for December of 59 per cent. 
In general, [owever, the color temperature of sky light 

during the summer months, in the absence of clouds, 
a pears to have varied between 8000’ and 15000° K. 
deasurements on June 30, 1922, a hazy day with solar 
radiation intensities much below the avera%e for June, ive 
sky light color temperatures of from SO80 to 9950’ B . 

Abbot’s bolometric measurements a t  Washington were 
made only on days with exceptionally clear skies. Curves 

mass 5.0, was 0.69 r. cal, as compared wit fl a normal at  

Air Mass 
FIG. ?.-Color temperature of direct sunlight 

I1 to V, Figure 1, therefore, represent the mean solar 
eneruy distribution for exceptionally dear days through- 
out %e ear. 

In  Tagle 2 (b) there is given in the line headed “Sun, 
2 = 25’, 2 = 60’, ” etc., the intensity of solar radiation at 
selected wave leneths in the visible spectrum, obtained 
from Curves 11, 191, IV, and V, Figure 1, by multiplying 
the ordinates of these curves at the selected wave lengths 
by the cosines of t.he solar zenith distances for which the 
res ective curves have been computed. 
I& a similar process the vertical 

radiation intensity have been 
a t  Washineton, a day with a 

(c), and (dr)  

1907, at Ifashin ton, 
average da a t  B ount 

88 Distribution amording to Pianct’s formula: 

The value of CI doea not afleet the distribution. 
JZ=a A 4  (e)-‘ In which a=11,3j0 micron-degreea. 
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TABLE 2.-Energy distribitlion i n  the virible spectrum of sunlight and sky light, as received on a horizontal surface, with the aun at diJerent 
zenilh distances, Z 

I 

(Curvt. ol about IIOOOO 9 
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TABLE 2.-Enmgy distribution in the vieible spectrum of sunlight and sky light, aa received on a horizontal surjface, with the sun al different 
renith distances, Z-Continued 

WAVE LENQTH, mpcontlnued 

(a) ?AfOKlNT WILBON, AVERAGE CLOWDLk98 SKY 

I I I I I I I I I 

(Curre of about BOOOO K+) 

- 

(Curve of about 6000° K+) 

In  Table 2, in the lines headed “Sky,” there is given 
the intensit of sky radiation for the same selected wave 

May, 1907, the energy distribution has been assumed to 
correspond to a Planckian energy distributionlo for a 
tem erature of 1000Oo K; for average clear skies at  

24000’ E; for Mount Wilson, 50000° IC. The intensity 
relative to solar radiat.ion intensity has been obtained as 
followk-4 : 

Let A =area under solar e n e m  curves (such as Curves 
11,111, IV, and V, Fi re 1) where the energy is expressed 
in arbitrary unit.9. Zlowance must be made for deple- 
tion by water-va or absorption in the infra-red, and for 

are included under the curves. 
Let a’=area under the energy curve for a P1anckia.n 

distribution at  the assumed color temperature of 

but wlth the wave-len th scale the same as for A. Here, 

solar spectrum for wave lengths shorter than 350 mp. It 
has been assumed that the spectrum of daylight ends, 
like the solar spectrum, a t  390 mp. 

Let R-the ratios between the intensity of solar and 
radiation as given in Table 1. 
et a-the area of a’ ex ressed in the same units as A. 

Then a = A/R, and to rec 7 uce the ordinates of the ener y 
distribution at  the assumed color temperature of sfy 
liiht to the same scale as the ordinates of the solar energy 
curves, we must multi ly them by the ratio ala’. 

curves thus obtained givcs the int,ensity of the total 
radiation at t,he different wave len,oths. For ease of 
com arison t,hese totals have been adjusted so as to ive 

adjusted values, I have ind?cated the temperature of the 

lengths as 9 or solar radiat.ion, computed as follows: For 

Was \ in ton, to 16000O K; for February 15, 1907, t.0 

radiations of bot R shorter and longer wave lengths than 

sky enmF ight, with the energy expressed in arbitrary units, 

also, allowance must % e made for the fading out of the 

ST 

The sum of the or : inates for solar and sky energy 

a va P ue of 200 at ware lewth 556 mp. Following t R ese 
----___ 

1’ “Tables and graphs lor hcilitatlng computations of spectral energy distribution ’’ 
by Fmbnlerand Snow, BnrenuolStandards Mlsc. Publirntion So .  N;. have beenuti1iz;d 
in determlmng the distribution for temperatures helow ?Bwloo K. 

Fio. 3.-Energy distribution curves: According to Plrmck’s equation. lor tempraturns 
of 5ooo0 6 and BOOOO K, respectively. for the totd solar and dry rndiation with the 
sun,at zenith distances, Z, Of25‘and j8.7’, respectively, and for the relative visihility 
radintion 
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Planckian energy distribution to which they most nearly 
correspond. As we would expect, the correspondence is 
onl a proximate. 

&gure 3 are reproduced the Planc.kian ener JT dis- 
tribution curves for temperatures of 5000" K anf6000° 

sky radiation as recorded by a thermoelectric pyrheliome 
ter. The latter instrument was installed on the roof of 
the Colle e of History Building, American Universit , 
D. C., an the photometer was read on the roof of de 
same building. The receiving surfaces of both instru- 

% 

FIG. 4.-Record of the total solar radlation received on a horizontal surface at Washington, D. C., on July 11.1QZ4 

K,'O and also the com uted curves €or the total solar and 
sky. radiation on d y  14, 1907, at Washington, for 
zenith distances of the sun of 35O and 78.7O, respectively. 

these two latter curves with the curve of rela- 

ments were exposed horizontally. Table 3 summarizes 
the comparisons between the readings of the two hstv- 
ments. It also contains a summary of previous.Com nn- 

Comparin sons between solar radiation intensity at normal inci z mce 
tive visibi k ity, we are led to the conclusion that the mdia- and the corresponding illumination intensity. 

FIG. I.--Records of the total solar radiation received on a horlmtal surface at the Unlveralty 
Observatory, Chicago. Ill. 

tion at  noon on this day was richer, proportionately, in 
visibleradiation than was the radiation with the sun 11.3O 
above the horizon, or at  about 6 p. m., apparent time. 

COMPARISONS OF PHOTOhlETRIC MEASUREMENTS OF DAY- 
LIGHT AND PYRHELIOMETRIC MEASUREMENTS OF SOLAR 
RADIATION INTENSlTY 

During the late spring and the summer months of the 
present year frequent comparisons have been made be- 
tween daylight intensity measurements made 
Millar photometer and the intensity of the 

"hi8 curve flta closely Abbot's normal solar energy m e .  (See fig. 1. Curve I.) 

Like Figure 3, Table 3 shows that the total radiation 
received on a horizontal surface is not quite so rich in 
luminous radiation with low sun as with hi h sun. This 
we consider the difficulties of obtaining accurate measure 
menta of daylight illumination and the comparatively few 
measurements included in this research (about 10 for each 
air mass greater than 2.0, 26 for air mass 1.6, and 16 for 
air mass l . l ) ,  we must conclude that the differences found 
between the illumination equivalent of direct solar radia- 
tion and the total radiation are of little tiup.flcance, al- 
though the equivalent for the total radiation is consist- 
ently smaller, as we would expect. 

is also the case with direct solar radiation. 5 n fact, when 
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TABLE 3.-IUumination eqiiivalent of a gram-calory per minute per 
square centimeter of radiation with the sun at different zenith 
distances -- 

Air 
Solar mdth distanca _ _ _ _ _ _ _ _  25’ 47.3O 8Q 0’ ,G7. Go ,70. io 73. Go ,75. io 77.4’ 

. . . . . . . . . . . . . . . . . . . .  I 1.1 I 1.5 I 2.0 1 2.5 1 3.0 1 3.5 1 4.0 1 4.5 1 n!$ 

Figure 4 is a copy of the record made by the pyrheli- 
ometer on July 11, 1924. The up er trace is a record of 

on a horizontal surface. The lower curve is drawn 
through records of sky radiation only, obtained by 
shading the pyrheliometer from direct sunlight. Verti- 
cal rows of dots were made on the record sheet at 6 a. m. 
and 6 p. m., ap arent time, or about 6:13 a. m. and 
p. m., 75th mml ian  time. They show that the register 
clock was faster than a parent time, and gaining. 
In figure 5 are repro B uced three record traces made a t  

the Weather Bureau Observatory, University of Chicago, 
in October, 1923. October 23 was a cloudless day, with 
a moderate northeast wind from off Lake Michigan, 
about a mile distant, which blew away the cit smoke. 

wind from the northwest in the morning. The station 
records state that (‘Dense city smoke prevailed until 
10:30 a. m. (10:51 ap arent time), when it was swept 

ob’ects not visible muc.h in excess of one-ei htli of 8 

sion in the record is greatest, the radiation intensity 
averaged 24 per cent ns great as during the same hour 
on the 23d. 

On October 26 the observer’s notes read: (( Dense city 
smoke during {orenoon. Sky overcast with clouds. 
Light rain after 2:43 p. m.” 
As we would ex ect, com arisons of individual series of 

photometric rea J ngs wit{ the pyrheliometric record 
show large departures from the mean results given in 
Table 3. Thus, from the photometric readings made a t  
about 7:48, 8:31, 951, and 11:48 a. m., July 11, 1924, we 
obtain for the ratio 

the total (direct solar + diffuse s E y) radiation received 

October 22 was also a cloudness day, but wit r 1 a light 

away by the wind shi P tinge to the northeast. Standing 

m’ d e.’’ Between 10 a. m. and 11 a. m., when t a e depres- 

. . . . -. Illumination -. __ .. - intensity - __ - (F. C.) 
Radia tion intensity (gr.-cal. /min .cm.’) 

consecpence, 
than is indicated by Curve VII. Therefore, the rat.ios 
as found may be correct; but in comparisons of skyli lit 

error in both the pyrheliometric and the photometer 
readings. 

intensity we must take into account a large proba % le 

When dense clouds cover the sky so that the radiatioq 
‘intensity is perhaps even less than that from a clear sky 
the ratio of illumination intensity to radiation intensity 
is likewise abnormally high. The mean of 13 series of 
comparisons between illumination and radiation inten- 
sities with a completely overcast sky gives for the above 
ratio the value 7440. 

Curve VI1 in Figure 1 indicates that for clear sky the 
ratio 

Illumination intensity 
Radiation intensity 
---- 

should be lower than for direct solar radiation. Priest’s 
color temperatures of sk light, already referred to, give 

is small. 
a like indication, althoug K m t h  cloudy skies the difference 

CONCLUBIONB 

With cloudless skies the illumination equivalents of 
Table 3 when applied to radiation intensities should ive 
dayli ht intensities with an accurac comparable to &at 
of or d inary photometric readings. h e  factor 6700 will, 
on an average, ive the daylight intensity withink5 per 
cent giving too 9 ow intensities near noon in suminer and 
too &.i h intensities when the sun is near the horizon. 

Wit!& the s v  covered with clouds the factor averages 
higher, probab y not far from 7,000. 

a-/, €7f. 1 : ss/ . b d 6  
APPLICATION OF SCHUSTER’S PERIODOGRAM TO 

LONG RAINFALL RECORDS, BEGINNINQ 1748 
By DINSYORE ALTER 

(University of K a q  Nov., 2024) 

The present paper is an extension of work on rainfall 
eriodicities carried on during the past four years(1). 

f n  the previous papers a single short periodicity was 
investigated. In the present a er the investigation is 
carried to longer periods to wficg a much more general 
method of analysis must be applied. 

Of the various methods that have been pro osed in 
the search for hidden periodicities, that formufated by 
Schuster (2) and used by him in a search for periods in the 
Greenwich magnetic data, soem the most practical for 
ap lication to this roblem. 

of arbitrarily selected periods, throug the data in suci 
manner as best to re resent them b each. These 

intermediate ones untried that can have a large final 
disagreement in phase from the next neighboring one 
chosen for examination. The second art of themethod 

ordinates of another curve whose abscissae are the periods 
so chosen. This last curve he calls the period0 ram. 

Suppose aperiod to be tned of length equal to n times 
the time mterval CY between successive observations. 
The h t  n data valuea are then written as a row, each 
heading B column. The next n values then form t,he 
second row of these 1~ columns, etc, until all observa- 

not enough data left to form another corn lete row. In 

in the second the sum may be used instead. The first 
case has a slight theoretical disadvanta e in that columns 

equal weight. Schuster used the second dternative, 
although it involves the neglect of considerable data 

g 8chuster’s rnetho il consista, first, of assing sine curvm 

periods must be so clos s y chosen that t i ere shall be no 

consists of plotting the intensities o P these curves as 

The method of obtaining these sine curves is as 9 ollows: 

tions have been used or, 8s is often done, unti .P there are 

the h t  case the average value of each co Y umn is taken, 

of slightly different weight are consi % ered as being of 


